This study aimed to investigate the effect of adding binary mixtures of disodium phosphate and tetrasodium pyrophosphate during milk powder production.
Introduction
Dairy powders are commonly used ingredients and are incorporated into a wide range of food products. Their functional attributes play important roles in their contribution to food formulations. [1] The technological properties of most dairy products are influenced by casein micelles, [2, 3] which represent approximately 80% of the total milk protein. [4] Various molecular forces, including hydrophobic and electrostatic interactions, and colloidal calcium phosphate (ccp) maintain micelle cohesion. [5] CCP is considered to be a cementing and neutralizing agent which contributes to micellar integrity and stability. [6] One of the common methods to modify the structure and functionality of casein micelles is modulating the CCP content of the micelles [3] by several methods: heating and cooling, [7] acidification, [3, 8] alkalization, [9] and sequestration of calcium by calcium chelating salts (CCSs), also known as melting or emulsifying salts (ESs). [10] [11] [12] The caseins and minerals are in dynamic equilibrium. The alteration of mineral balance, especially the distribution of calcium and phosphate between the soluble and colloidal phase, results in significant changes in the conformation and stability of the casein micelles. [13, 14] It is well known that the addition of ESs to milk and dairy products changes the calcium balance of the system, leading to a decline in calcium ion concentration, dissolution of CCP, and release of caseins from the micelles. [15, 16] The decrease in free calcium ions and removal of CCP result in swelling and hydration of casein micelles. These phenomena have a great influence on turbidity and solubility of a dairy product. [16] Recent studies on the addition of NaCl to concentrated casein micelle suspensions demonstrated that dissolution of CCP, dissociation of casein micelles, and the subsequent changes in the composition of serum phase have an important effect on the viscosity and turbidity of the continuous phase. [17, 18] The ESs are composed of phosphates, citrates, tartarates, and lactates as polyvalent anions, and sodium, ammonium, or potassium as monovalent cations. Monosodium phosphate (MSP), disodium phosphate (DSP), sodium tripolyphosphate (STPP), tetrasodium pyrophosphate (TSPP), and sodium hexametaphosphate (SHMP) are frequently used in the dairy industry. [2] Addition of CCSs to milk systems is a well-known practice to improve the functional characteristics of the derived products. There are many investigations considering the role of ESs in manufacturing processed and imitation cheese, in which ESs are used to alter textural and viscoelastic properties. [13, [19] [20] [21] In yogurt processing, ESs are added to improve the gel network. [22] There are few published reports available on the use of ESs in milk powders. Schuck et al. [23] reported that water transfer in milk protein concentrate during drying and reconstitution is influenced by the addition of mineral salts including phosphates and citrates. Schuck et al. [24] studied the rehydration properties of casein powder following salt and mineral salt addition. It was concluded that protein micellar structure was modified as a result of sodium phosphate addition. Anema [25] has shown that addition of SHMP during skim milk powder production decreased pH, serum and ionic calcium, micellar zeta potential, and particle size, and increased serum phase orthophosphate levels and dissociation of caseins. In a recent study, Sikand et al. [26] investigated the effect of mineral chelators on selected properties of skim milk powders and found that solubility and turbidity decreased with increasing levels of chelating salts.
As discussed above, a combination of CCSs is extensively used in the dairy industry. It has been reported that the application of a mixture composed of TSPP and DSP in dairy systems (milk puddings and milk protein concentrate (MPC) solutions) results in the formation of new types of complexes with casein and calcium, which lead to the gelation of milk. [2, 27] However, the current knowledge does not include the determination of the effects of TSPP and DSP mixtures on the functional properties of spraydried milk powders. The aim of this study was to determine the physicochemical attributes of milk powders prepared with varying proportions of TSPP and DSP (at a constant total concentration of 0.2% w/v). Rehydration properties of powders were assessed through solubility measurement. The turbidity, pH, and titratable acidity (TA) of reconstituted powders were also investigated. Scanning electron microscopy was used to observe the morphology of powders.
Materials and methods

Materials
Ultra high temperature (UHT) milk was provided by Mihan Dairy Manufacturing (Tehran, Iran). Tetrasodium pyrophosphate anhydrous (CAS No. 7722-88-5; Na 4 P 2 O 7 ; TSPP) was obtained from Sigma-Aldrich Corporation (St. Louis, MO, USA), and disodium phosphate anhydrous (CAS No. 7558-79-4; Na 2 HPO 4 ; DSP) was purchased from Merck KGaA (Darmstadt, Germany).
Experimental design
Response surface methodology (RSM) was employed to investigate the influence of two independent variables, DSP (X 1 : 0.060%-0.127%, w/v) and TSPP (X 2 : 0.073%-0.140%, w/v) concentrations, on the response yields of pH, TA, turbidity, and insolubility index (ISI). Initially, ranges and levels of variables were decided on the basis of a literature survey. [2, 27, 28] Thus, the preliminary experiments on turbidity and microscopic observations of the milk containing added phosphate enabled the range of salt concentrations to be fixed. During the preliminary tests, we intended to induce a gellike texture. Each variable was coded at two levels ( Table 1 ). An optimal mixture design, which included 13 runs with 5 replicates, was used. The experimental data were fitted to a quadratic (second order) polynomial model, and the regression coefficients were obtained for five responses. The polynomial equation used for the two variables is given below:
where Y represents the response variable; β 0 is the model constant; and β i , β ii ; and β ij are linear, quadratic, and interaction effects, respectively. X i and X j are the levels of the independent variables. Validity of the model was evaluated by lack of fit, multiple correlation coefficient (R 2 ), adjusted (adj-R 2 ) and predicted (pre-R 2 ) determination coefficients, adequate precision, the predicted residual error sum of squares (PRESS), and coefficient of variation (CV). [29] Preparation of emulsifying salts solutions (feed liquid of spray drier)
The salt solutions were prepared by dissolving various proportions of DSP-TSPP binary mixtures in UHT milk according to Table 2 , at a constant total CCS concentration of 0.2% w/v. Afterward, solutions were stirred by a RW 20 digital overhead stirrer (IKA-Werke GmbH & Co., Staufen, Germany) at 25°C for 15 min to ensure that the ESs were completely dissolved.
Manufacture of milk powders
Milk powders were produced using a mini-spray dryer B290 (Buchi Labortechnik AG, Flawil, Switzerland) with the following operating conditions: 130°C inlet air temperature, outlet air temperature was kept between 70°C and 72°C, 90% aspirator, 25% pump rate, and with the nozzle cleaner set at 7. The atomizer was equipped with a pressure nozzle (1 mm orifice diameter). Control milk powders were prepared in the same conditions but without addition of phosphate salts. The spray drying conditions were primarily determined according to the manufacturer's guidelines and Rulliere et al., [30] who investigated the impact of heat treatments on the composition of polyphosphates in aqueous solutions. Next, preliminary experiments were performed to obtain the optimum yield with the minimum drying temperature. Immediately after drying, powders were kept in glass jars sealed with parafilm and stored in a desiccator containing silica gel at room temperature until the analysis was performed. All experiments for each sample were performed within a week of production.
Reconstitution of milk powders
In order to determine pH, TA, and turbidity, powders were reconstituted at 10% (w/v) in deionized water and then stirred for 2 h, [25] utilizing the overhead stirrer to ensure a complete rehydration. 
Responses Source Equation pH
Quadratic
X 1 , disodium phosphate concentration (%, w/v); X 2 , tetrasodium pyrophosphate concentration (%, w/v); TA, titratable acidity; ISI, insolubility index.
Chemical analysis of UHT milk and milk powder
The chemical analysis was performed on UHT milk and control milk powder. Fat content in the milk and milk powder was determined by Gerber [31] and gravimetric methods, [32] respectively. The protein content of sterilized milk and the milk powder was determined by the Kjeldahl method, and a conversion factor of 6.38 was applied. [33] The amount of total solid (TS) in the milk was measured according to ISO. [34] The TS content of the powder was calculated by the oven method as described by Schuck et al. [24] Briefly, 1 g of powder was dried at 105°C for 5 h. The weight difference before and after drying was considered to be the amount of TS. The concentration factor (Q) was calculated as described by Walstra et al., [35] who described that the degree of concentration could be determined from the ratio of dry matter content of the concentrated product to that in the initial solution (Eq. (2)):
The amount of protein, fat, and TS was 3.3%, 0.3%, and 9.6% w/w in UHT milk and 32.2%, 3%, and 97.33% w/w in milk powder, respectively. The calculated concentration factor was~10.
Determination of TA and pH of reconstituted milk powders
The pH values of reconstituted milk samples (prepared as described before) were evaluated using a Metrohm 827 pH meter (Metrohm Ltd., Herisau, Switzerland) at 20°C. The pH probe was calibrated with standard buffer solutions of pH 4.0 and pH 7.0. TA was determined by titration with a 0.1 N NaOH solution. [36] Determination of turbidity of reconstituted milk powders casein micelle dispersion caused by CCSs can be assessed by observing the decrease in turbidity. The 10% (w/v) reconstituted milk solutions were prepared as described earlier and diluted twofold in deionized water to be within the detection limits of the spectrophotometer. Afterward, spectra were recorded on a Varian Cary 300 UV-visible spectrophotometer (Varian, Inc., Melbourne, Australia) at 20°C using a 1 cm path length plastic cuvette. [16] Determination of insolubility index of milk powders
The method of Westergaard, [37] with slight modifications, was used to determine the ISI. Briefly, 10 g of milk powder was poured into 100 mL of distilled water at 20°C and stirred at 1000 rpm with a magnetic stirrer. The solution was allowed to rest for 15 min. Afterward, 50 mL of the solution was placed into a centrifuge tube and centrifuged at 1500 rpm for 5 min using a Kokusan H-200NR centrifuge (Kokusan Co., Taito, Tokyo, Japan). The sediment-free liquid was carefully removed and replaced by water. The content was vigorously shaken by hand. Next, the tubes were recentrifuged under the same conditions. The amount of sediment was read and expressed in milliliters.
Scanning electron microscopy (SEM)
The morphology was studied by a KYKY-EM3200 digital scanning electron microscope (KYKY Technology Development Ltd., Beijing, China) operated at 26 kV. Particles were coated with gold to~10 nm thickness using a KYKY SBC 12 sputter coater in an argon environment at low pressure (~2 × 10 -3 bar). Only control milk powder and powders manufactured with DSP-TSPP mixtures of 0.127:0.073, 0.105:0.095, and 0.060:0.140 were observed.
Statistical analysis
Design Expert, trial version 8.0.5 (State-Ease Inc., Minneapolis, MN, USA), was used for regression analysis and analysis of variance (ANOVA). p-Values of less than 0.05 were considered to be statistically significant. The fitted polynomial equation was then expressed in the form of response surface curves ( Fig. 1 ) in order to illustrate the relationship between responses and the independent variables. In addition to RSM to compare the phosphate-added milk powders with the control sample, all experiments were conducted in triplicate. The data were subjected to one-way ANOVA. Duncan's multiple-range test was used to compare the mean values. Statistical analysis was carried out using the Statistical Packages for the Social Sciences (SPSS 22.0, SPSS, Inc., Chicago, IL, USA).
Results and discussion
Response surface model fitting
The data obtained from the optimal mixture design were fitted to quadratic polynomial equations. The obtained equations that show the relationship between the significant independent variables (DSP and TSPP levels) and responses in terms of coded values are given in Table 2 . The positive and negative values of the coefficients represent the synergistic and antagonistic effects of independent variables on the response, respectively. [38] ANOVA for the response surface model showed a large number of model F-values with a low probability value (p < 0.01) for all of the responses indicate that the model is statistically significant. Lack of fit was insignificant for all of the equations. The nonsignificant lack of fit is good and indicates that the model fitted the experimental data. The relatively high values of the multiple correlation coefficients (R 2 > 0.89) for all responses further supported the model proficiency. Additionally, the predicted R 2 was in reasonable agreement with the adjusted R 2 ((adj-R 2pre-R 2 ) < 0.2). [29] Adequate precision for all responses was above 4, indicating adequate model discrimination. The value of CV (%) was less than 10 in all responses, which shows the precision and reliability of the experiments. [39] Titratable acidity
A one-way ANOVA test was conducted to compare the characteristics of ES-containing powders with control milk powder (Table 3 ). There was a significant (p < 0.01) decrease in TA of the reconstituted samples with addition of DSP-TSPP mixtures. TA and pH are commonly used to measure the acidity of milk and milk products. The activity of the hydronium ions (H 3 O + ) is expressed as a pH value, while TA is a measure of the total buffer capacity between the milk pH and the phenolphthalein end point (~8.3). The caseins and phosphate are the primary components of milk that determine the buffering capacity. Casein reacts to NaOH similar to an acid substance, through its ionizable groups (e.g., amino acid residues and CCP). [40] It is generally recognized that the addition of ESs results in the destruction of CCP clusters associated with serine residues. This phenomenon is based on the calcium ion exchange ability of the CCP clusters; thus, the replacement of monovalent sodium ions of the ES with divalent calcium ions of the CCP will occur. [41] This exchange of calcium by sodium within the casein micelles lead to the solubilization of CCP and the formation of the sodium-phosphate clusters accompanied by the release of specific caseins into the continuous phase and noticeable changes in the serum composition. [17] The newly formed sodiumphosphate casein complexes decrease the protein-protein interactions and weaken the internal structure of casein micelles. [17, 18] Further, we hypothesize that the newly formed sodium-phosphate casein complexes are no longer capable of reacting with NaOH. As a result, the amount of NaOH in the titration decreased, which was indicated by the decreased TA. The response plot of Fig. 1a represents the TA of reconstituted powders prepared with DSP-TSPP mixtures. Powders containing higher TSPP proportions showed lower acidity. The lower TA of the samples with higher levels of TSPP is presumably due to the number of Na atoms in the TSPP structure. TSPP with higher number of sodium ions and calcium affinity [10] participate to the formation of sodium-phosphate complexes to a larger extent compared with DSP. 
pH
The one-way ANOVA test was used to compare the pH of reconstituted control powder with powders prepared with added DSP-TSPP mixtures ( Table 3 ). Addition of ES caused a significant increase (p < 0.01) in pH of the reconstituted powders. The mechanism by which the DSP-TSPP mixtures increased pH probably involves calcium chelation by the CCS and destruction of the CCPs, releasing phosphate ions. The subsequent protonation of the phosphate anions cause an increase in pH. [11] Various forms of phosphate (PO 3 4-, HPO 4 2− , H 2 PO 4 − , or H 3 PO 4 ) with corresponding pK a values of 2.12, 7.21, and 12.30 can exist depending on the pH of the milk system. [42] The destruction of CCP clusters releases the bound inorganic phosphate which readily buffers potential pH changes caused by the addition of DSP-TSPP mixtures. [6] This pH-stabilizing effect of ES is probably the reason of the small variations in pH of powders containing DSP-TSPP mixtures.
According to response surface plots for pH ( Fig. 1b) of the ES-containing powders, an increase in pH values was observed by the growing amount of TSPP in the binary mixtures. Higher pH values in mixtures with higher TSPP proportions can be explained by the affinity of the chelating salt for calcium; [15] the better calcium-masking ability of TSPP [14, 28] leads to more widespread CCP destruction, thus more phosphate ions will be present for accepting hydronium ions and a concomitant pH increase will occur. Similar results were obtained by Dimitreli and Thomareis, [13] Gupta et al., [43] and Sádlíková et al., [21] who reported an increase in the final pH of processed cheese made with various ESs, with TSPP being more efficient in increasing the pH than DSP. In a study on addition of ternary mixtures of phosphate and citrate ESs to processed cheese, Salek et al. [44] showed that the pH values of model processed cheese samples with added TSPP are higher than those prepared with DSP.
Turbidity
In general, addition of DSP-TSPP mixtures resulted in a decrease in turbidity of reconstituted samples (Table 3) ; a significant (p < 0/01) difference was observed between control sample and sample with highest proportion of TSPP (0.060:0.140 DSP-TSPP mixture) ( Table 3 ). The mechanism by which ESs decreased the turbidity of reconstituted milk samples is primarily related to calcium sequestration leading to destruction of CCP crosslinks and a decrease in serum phase calcium. The loss of CCP salt bridges, one of the casein micelle structural elements, and a concomitant exposure of charged phosphoserine residues, increasing electrostatic repulsion, results in casein dissociation, which was measured as a decrease in turbidity (Table 3 ). [2, 16, 28] The subsequent formation of casein calcium-CCS complexes upon addition of DSP-TSPP mixtures may also result in an increase in charge repulsion and further dispersion. [10] The small differences in turbidity observed in ES-containing reconstituted samples (Table 3) can be explained by the narrow range of DSP-TSPP mixtures we chose to use in this study. The response surface plot for turbidity shown in Fig. 1c indicates that the turbidity decreased linearly with increasing proportion of added TSPP in binary mixtures, suggesting the dispersion of casein micelles. [2] The extent of the effect of ESs on casein dissociation depends on the calcium complexing ability of the salt. [16, 19] Compared with orthophosphates, pyrophosphates, which have a higher number of phosphate groups, have a stronger affinity for calcium [10, 20] and provide more interactions with protein molecules, thus affecting the micellar integrity. [16, 21] Consistent with our results, Kaliappan and Lucey [2] reported that the turbidity of MPC solutions containing CCS binary mixtures considerably decreased when TSPP was dominant in a blend with DSP. Mizuno and Lucey [10] also stated that at a constant concentration, TSPP was more efficient at dispersing casein than DSP. Turbidity is related to particle size, concentration, and refractive index of particles. The casein micelles and CCP are the main light scatterers in milk solutions, and CCP makes significant contribution to refractive index of the micelles. [17, 45, 46] Interestingly, in a study on CCS usage in concentrated micellar casein solutions, de Kort et al. [16] suggested a decline in turbidity is related to either swelling of intact casein micelles or dispersion of the casein micelles, and the latter has a more pronounced effect in decreasing turbidity. It was suggested that the swelling is due to the chelation of loosely bound calcium associated with negatively charged amino acid side chains and phosphate groups, and the dissociation of micelles is a result of CCP destruction. We hypothesize that in this study, the decrease in the turbidity of samples in which the DSP proportion is predominant is most likely due to the swelling of casein micelles because DSP may chelate the loosely bound calcium due to its lower calcium masking ability compared with TSPP. As a result of swelling of the casein micelles, more continuous phase will be present in the micellar structure which thus reduces the difference between the refractive index of serum and casein micelles, leading to a decrease in turbidity. [16, 17] In samples with a higher proportion of TSPP, the turbidity decrease is probably due to CCP destruction and this may be the reason for lower turbidity in these samples compared with those with a higher proportion of DSP (Fig. 1c) . It is shown that removal of CCP from casein micelles leads to a decline in the refractive index of casein micelles which is measured as a decrease in turbidity. [16, 45] However, further research on the voluminosity of casein micelles is needed to prove this theory.
Similarly, Zhao and Corredig [17] demonstrated that addition of NaCl to concentrated milk protein causes a decrease in turbidity. They attributed the changes in turbidity to the difference in the refractive index between the serum and protein particles. It was concluded that the dissolution of CCP and release of caseins, as a result of NaCl addition, led to the alteration of the refractive index of the serum phase and decrease in turbidity.
Solubility
The ability of a powder to dissolve in water, termed solubility, indicates the complete rehydration of powders. [47] The main factors affecting the solubility of milk powders are drying conditions (which were similar in the production of all of the samples) and the physical characteristics of the feed liquid (e.g., viscosity). [48] Casein is considered to be the main water-attracting component in milk powders at low and intermediate water activity. The interaction between water and casein is largely influenced by casein's structural organization. [49] Addition of CCSs modifies the structure of casein. [2] Modification of the structural organization of casein micelles induces changes in the interactions between water and casein molecules. It is known that the state of protein aggregation have an important role in the quantity of water bound to the supramolecular structure. [50] Conformational modifications are probably responsible for differences in the binding of water molecules because it is known that the reaction of proteins with phosphate causes variations in their sensitivity to hydration. [51] The results in Table 3 indicate that powders with lower proportions of TSPP (≤47%) had a lower ISI than the control sample, whereas for mixtures with higher proportions of TSPP (≥53%) the ISI was greater than the control. Indeed, the effect observed on insolubility index of powders depended on the proportions of DSP and TSPP in the added mixtures. In samples containing lower proportions of TSPP (DSP-TSPP mixtures of 0.127:0.073, 0.110:0.90, and 0.105:0.095), the decrease in the ISI compared with control samples could be related to the role of ESs in the destruction of casein micelles [24] and unraveling of the protein chains, which makes more hydrophilic phosphate sites available and promotes casein hydration. [51, 52] The latter supposition supports the suggestion that a disruption in protein-protein interactions is required for the protein-water interactions to take place. [20, 50, 53] Further, according to de Kort et al. [16] the decrease in calcium ion activity upon addition of DSP and TSPP results in an increase in the electrostatic repulsion between the casein micelles and an increase in hydration of the micelles. It is interesting to compare these results with those reported by Zhao and Corredig. [18] They stated that the addition of NaCl to concentrated casein micelle suspensions causes the solubilization of CCP, increases disruption of caseins, and improves the solubility of milk concentrates. Schuck et al. [24] also reported that the reduction of calcium ions improves the solubility of spray-dried MPC85.
In samples containing higher proportions of TSPP (DSP-TSPP mixtures of 0.094:0.107, 0.082:0.118, 0.077:0.123, and 0.060:0.140), the increase in the ISI compared with the control can be explained by the reassociation of dispersed caseins with calcium-pyrophosphate complexes. We can assume that at these ratios the formation of casein calcium-pyrophosphate complexes and large casein aggregates occurred, which consequently caused an increase in the amount of sediment during ultracentrifugation as large particles are known to precipitate more easily. [12, 54] An alternative explanation for increased ISI in high ratio of TSPP can be attributed to the viscosity of suspensions. It has been demonstrated that the viscosity of liquid feed and solubility of the powder are inversely correlated. [1] Addition of CCS is known to increase the viscosity of milk systems. [16, 46, 55] The increase in viscosity can be due to (1) the extensive release of proteins from casein micelles and the subsequent increase in the concentration of soluble caseins in the serum phase, [18] (2) cross-links between casein micelles via calcium pyrophosphate complexes. [16] de Kort et al. [16] reported that addition of SHMP increased the viscosity of concentrated micellar casein solutions due to the aggregation of casein micelles through formation of cross-links between micelles.
The response plot of ISI versus added DSP-TSPP mixtures is shown in Fig. 1d . The solubility of powders decreased with increasing TSPP addition. It is likely that the higher dissociation of casein micelles at higher proportions of TSPP (as indicated by lower turbidity, Fig. 1c ) enabled more interactions between proteins due to the unfolding of casein chains, leading to aggregation of casein micelles [44, 52] and a subsequent increase in the insoluble fraction. It is also possible that reassociation of dispersed casein through calciumpyrophosphate complexes caused the similarity in the turbidity of samples ( Table 3) .
Morphology of milk powders
Samples with the highest (0.060:0.140, Fig. 2a dimples on the surface. In powders prepared with an added DSP-TSPP mixture of 0.127:0.073 (Fig. 2c) , the powder consisted of single particles and less compact structures (Fig. 2c ) than the control (Fig. 2d) , likely due to the dispersion of casein micelles. It is assumed that dispersed proteins did not reassociate through calcium-pyrophosphate bridges at the 0.127:0.073 DSP-TSPP ratio, leading to the formation of more open and distinct structures (Fig. 2c) in the powder. This is in line with the results observed for the ISI in Table 3 , in which the 0.127:0.073 DSP-TSPP mixture exhibited a lower ISI than the control sample, possibly due to the dispersion of casein micelles. [23] The aggregation of smaller particles into larger complex aggregates is clearly observed in the DSP-TSPP mixtures of 0.060:0.140 ( Fig. 2a ) and 0.105:0.095 (Fig. 2b) which may be related to extensive cross-links between casein micelles via calcium-pyrophosphate complexes. In this work, the investigation of the surface composition of milk powders was neglected but it has been reported that powder surfaces are primarily dominated by surface-active components (lipid and proteins). [56, 57] It is possible that calcium-pyrophosphate complexes bound to casein particles are the predominant species on the surface of milk powders containing phosphate, which can render them capable of interacting readily with other particles. This may result in the agglomeration of particles, as was observed in the 0.060:0.140 DSP-TSPP mixture ( Fig. 2a ). Presumably, this complex network inhibited further rehydration of the powder (indicated by the high ISI, Fig. 1d ). Similarly, Anema et al. [58] and Mimouni et al. [59] reported that the poor solubility of MPC85 during rehydration was possibly due to the formation of a skin of crosslinked casein micelles at the surface of powder particles. These aggregated and cross-linked surfaces decreased the solubility of powders. However, the exact explanation is unknown and further research on the surface composition of powder particles is needed to support this theory.
Conclusion
The study described in this article has demonstrated that the addition of DSP-TSPP mixtures to milk powder during processing could have several effects. The study found that the addition of a DSP-TSPP mixture, especially when containing higher levels of TSPP, caused an increase in pH and a decrease in TA. The latter varied more significantly among the samples. The decrease in the TA was attributed to the reaction of sodium salts with casein micelles, which presumably decreased the role of casein molecules as acid-like substances, leading to a decrease in the amount of NaOH needed for neutralization. These observations provide insights into the use of TA as an interesting parameter for estimating the extent of the reaction between sodium phosphate salts and casein micelles. The decrease in turbidity of reconstituted milk powders can be attributed to the decrease in the difference between the refractive index of the serum phase and casein particles. The decrease in turbidity in samples with higher proportions of DSP is possibly due to the swelling of the casein micelles. In samples with higher proportions of TSPP, the decrease in turbidity can be explained by the removal of CCP and destruction of the micelles. The study concludes that the 0.060:0.140 DSP-TSPP mixture exhibited the lowest solubility among the samples possibly due to the formation of cross-links between caseins. Furthermore, SEM images of this mixture showed large grapestructured agglomerates. Considering the physicochemical characteristics of the milk powders with added phosphate described in this study, further studies are recommended to examine the functional properties of these powders in manufacturing gel-like products, including yogurt and dairy desserts.
